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Description 



[0001] The present invention relates to a process for producing polymers of a, to- unsaturated conjugated compounds 
which contain aromatic ring systems. It also relates to electroluminescent devices comprising such polymers. 

5 [0002] There is an urgent industrial need for large-area solid-state light sources, for a wide range of applications 
mostly related to display technologies, and there is no fully satisfactory technology at present. Polymer-based electro- 
luminescent devices are very promising and they offer several advantages over conventional, inorganic light-emitting 
diodes and liquid-crystal displays. These advantages include the availability of the whole color spectrum, the ability to 
make large-area electroluminescent devices, the ability to make flexible displays, and the high brightness of the lumi- 

10 nescence. This is combined with simple processing technology and low fabrication costs. Furthermore, displays of this 
type do not need backlighting, in contrast to liquid-crystal displays. 

[0003] Polymer-based electroluminescent devices are described, e.g., in WO 90/1 3 148 and EP-A 0 443 861 . 

A typical device as described in WO 90/1 3 1 48 is made up of a semiconductor layer in the form of a thin dense polymer 

film comprising at least one conjugated polymer, a first contact layer in contact with a first surface of the semiconductor 

is layer, and a second contact layer in contact with a second surface of the semiconductor layer, wherein the polymer 
film of the semiconductor layer has a sufficiently low concentration of extrinsic charge carriers that on applying an 
electric field between the first and second contact layers across the semiconductor layer so as to render the second 
contact layer positive relative to the first contact layer charge carriers are injected into the semiconductor layer and 
radiation is emitted from the semiconductor layer. 

20 [0004] The polymer employed as a semiconductor layer in these devices is conjugated. 

[0005] By conjugated polymer is meant a polymer which possesses a delocalized rc-electron system along the pol- 
ymer backbone: the delocalized rc-electron system confers semiconducting properties to the polymer and gives it the 
ability to support positive and/or negative charge carriers with high mobilities. Such polymers are discussed, for ex- 
ample, by R. H. Friend in J. Mol. Elec. 4, (1 988) 37. 

25 [0006] Poly(p-phenylene vinylene) [PPV] is utilized as a charge conducting layer in WO 90/1 3 1 48, and it is suggested 
in this document to have substituents on the phenylene ring or to replace phenylene with a fused carbocyclic system 
or a heterocyclic system. Conductive layers made of poly(aniline) [PAn] and poly(2,5-thienylene vinylene) [PTV] are 
described in EP-A 0 443 861 . 

[0007] Highly conjugated polymers, such as PPV or PTV, are generally insoluble and infusible because of the stiffness 
30 of their backbone. Consequently they are difficult to process. A solution to this problem is their synthesis via soluble 
precursor polymers or the use of specifically substituted monomers which lead to soluble, specifically sidechain sub- 
stituted conjugated polymers 

[0008] The synthesis via precursor polymers proceeds, for example, according to the so-called Wessling bis-(sul- 
phoniumsalt) precursor route (R. A. Wessling, J. Polym. Sci., Polym. Symp. 72 (1985)55.). For example, PPV precursor 

35 polymers can be prepared by treating an a,a'-bis(sulfonium chloride)-p-xylene, e.g., a,a'-bis(tetrahydrothiophenium 
chloride)-p-xylene, with NaOH in water or alcohols as a solvent to yield a sulphonium poly electrolyte. This precursor 
polymer is soluble and can be processed, e.g. by spin-coating or film-casting. On heating the precursor polymer, PPV 
is formed by elimination of tetrahydrothiophene and HCI. Although this is a versatile method for the preparation of a 
wide range of poly(arylene vinylenes) there are two major drawbacks. Firstly, the poly electrolyte nature of the precursor 

40 makes filtration of the precursor solutions difficult or even impossible. This is a severe restriction for all applications 
were small insoluble particles, like dust, have to be avoided, e.g. for electroluminescent devices. Secondly, the pre- 
cursor polymers are thermally and chemically unstable. They have to be stored well below zero degree centigrade to 
prevent partial elimination leading to an insoluble polymer with conjugated segments and they are susceptible to sub- 
stitution reactions, in particular with the commonly used solvents water and methanol. 

45 The mechanism of the formation of the precursor polymer is believed to proceed via an in situ generation of a true 
monomer, possibly a p-quinodimethane system. Polymerization reactions of p-quinodimethane systems are well known 
in the literature (e.g., H. G. Gilch and W L Wheelwright, J. Polym. Sci. A1 4 (1966) 1337; R. W. Lenz et al, J. Polym. 
Sci., Polym. Chem. 26 (1988) 3241; G. M. Brooke and M. F. Woolley, Polymer 34 (1993) 1282). 
[0009] Specifically substituted monomers which lead to specific sidechain-substituted conjugated polymers have 

so been used to prepare processable conjugated polymers via a dehydrochlorination reaction with a 1 ,4-bis(halogenom- 
ethyl)benzene as monomer. For example, the preparation of poly(2-methoxy-5-(2'-ethyl-hexyloxy)-p-phenylene vi- 
nylene) from 2,5-bis(chloromethyl)-1 -methoxy-4-(2'-ethyl-hexyloxy)benzene is described in US 5, 1 89, 1 36. Another ex- 
ample is the preparation of poly(2,5-di-n-hexyloxy-p-phenylene vinylene) (W. J. Swatos et al., Polymer Prepr. 31(1) 
(1990) 505). However, the use of the dehydrohalogenation reaction for the preparation of processable conjugated 

55 polymers or precursor polymers thereof is limited to specific compounds, since otherwise insoluble and infusible ma- 
terials are obtained (see for instance H. H Horhold and J. Opfermann, Makromol. Chem. 131 (1970) 105). 
[0010] It is known (see for instance W. B. Liang, M. Masse and F. Karasz, Polymer 33 (1992) 3101) that in the 
synthesis according to Wessling the yield improves and the resulting polymer has a higher molecular weight if an apolar 
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solvent, e.g. hexane, is added to the aqueous reaction mixture. 

[0011] WO 9T/1 5534 'discloses novel electrically conductive forms of poly(heteroaromatic vinylenes and poly(aro- 
matic vinylenes) and precursors for use in processes for formation of said poly(aromatic vinylenes) and poly(heteroar- 
omatic vinylenes). 

5 [0012] There have been attempts to generalize the precursor-route (see, e.g., F. Louwet, D. Vanderzande and J. 
Gelan, Synth. Met. 52 (1992) 125) or to adapt it to the synthesis of poly(2,5-heteroarylene vinylenes) (see, e.g., H. J. 
Geise et at., Synth. Met. 51 (1992) 329). 

[0013] However, up to now the materials prepared by these processes have not been satisfactory with respect to 
molecular weight, chemical and thermal stability and processability. A high molecular weight is advantageous if the 
10 polymers are to have good film forming properties and mechanical stability, and to minimize the end-group concentra- 
tion, since end-groups are likely to influence adversely on properties like electroluminescence. 
There is clearly room for improvement of the synthesis of PPV and related compounds. 

As there is also a steady demand to develop new materials for use in electroluminescent devices, it was highly desirable 
to find a general synthetic route to such polymers. 
is [0014] Surprisingly, it has now been found that high molecular weight precursor polymers of PPVs which are chem- 
ically and thermally stable are obtainable in good yields if the formation of the actual monomer, i.e., the p-xylylene or 
a derivative thereof, is carried out in specific solvents, or mixtures thereof, and is accompanied by the formation of a 
salt which is essentially soluble in the reaction medium, and the monomer and polymer are soluble in the reaction 
medium. 

20 [0015] If extremely high molecular weights are reached, some precipitation of the high molecular weight material 
may occur. 

[0016] Accordingly, the object of the invention is a process for producing precursor polymers useful in the production 
of a,co-unsaturated conjugated compounds, which comprises reacting a compound of the formula (I), 
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wherein 



35 



(P denotes -SR 3 ,;-SO-R 3 , -S0 2 -R 3 , -COOR 3 , N0 2 , -CN, CF 3 or R 3 ; 

- I>— > - denotes -CI^Br, -|, -O-tosylate, -O-mesylate, -O-triflate, -(NR 3 3 ) e or -(SR 3 R 4 ) e ; 

R 1 , R 2 are the s'ame or different and denote H, R 3 or P; 

R 3 , R 4 the same or different, a straight chain or branched aikyl group with 1 to 20 carbon atoms, phenyl or benzyl, 

40 either of which can be substituted once or twice with -R 3 , -OR 1 , -N0 2 , -CN, Br, CI, F; or R 3 and R 4 together 
are -(CH 2 ) 4 or -(CH 2 ) 5 - and 

A denotes an aromatic system, comprising from 4 to 20 carbon atoms which can optionally be substituted; 

with a base in a solvent, wherein a polymer is formed which is essentially soluble in said solvent, and a salt is formed 
45 as a by-product, which is essentially soluble in said solvent, and that said solvent comprises a compound selected 
from the group consisting of 

a) amides of the general formula (II) 



so 



R 5 -CO-NR 6 H (II) 



b) amines of the general formula (III) 

55 



R 7 2 -N-R 8 (III) 
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c) sulfones of the general formula (IV) 



d) sulfoxides of the general formula (V) 



R 8 -S0 2 -R 9 (IV) 



R 8 -SO-R 9 (V) 



e) a solvent from the group consisting of alcohols, polyalcohols, glycols and polyethers; 
wherein 

75 R 5 , R 6 are the same or different and denote H, a straight chain or branched alkyl group, or R 5 and R 6 together are 
-(CH 2 ) 2 -, -(CH 2 ) 3 -, CH 2 -CH =CH 2 -CH 2 or -(CH 2 ) 4 -, and 
R 7 has the meaning of R 5 or is a phenyl group which is unsubstituted or substituted by halogen, methyl and/or 

methoxy groups, and 

R 8 , R 9 are the same or different and have the meaning of R 7 , except H, or R 8 and R 9 together are -(CH 2 ) 2 -, -(CH 2 ) 3 -, 
-(CH 2 ) 4 - or -CH 2 -CH = CH-CH 2 -. 



[0017] Essentially soluble means that the polymer is soluble in the solvent up to a high molecular weight, preferably 
up to a molecular weight of at least 1 -1 0 6 (M w ), however, it is understood that if extremely high molecular weights are 
reached, some precipitation of the extremely high molecular weight material can occur. 
25 [001 8] According to the invention chemically and thermally stable, high molecular weight polymers of high purity and 
high regularity are obtained in good yield. If the products of the novel process carry groups that undergo elimination 
to form double bonds, high quality electroluminescent materials can be prepared. However, no substantial elimination 
occurs during the formation of the precursor polymer. 
[0019] Preferred starting material are such in which aromatic group 



A denotes 1 ,4-phenylene, 2,6-naphthalenediyl, 1 ,4-naphthalenediyl, 1 ,4-anthracenediyl, 2,6-anthracenediyl, 
9,10-anthracenediyl, 2,5-thienylene, 2,5-turandiyl, 2,5-pyrroldiyl, 1 ,3,4-oxadiazol-2,5-diyl, 1 ,3,4-thiadiazol-2,5-diyl, 
2,5-benzo[c]furandiyl, 2,5-benzo[c]pyrroldiyl, 2,5-benzo[c]thienylene ; thieno[3,2-b]thiophene-2,5-diyl, pyrrolo 
[3,2-b]pyrrol-2,5-diyl, pyrene-2,7-diyl, 4,5,9, 10-tetrahydropyren-2,7-diyl, 4,4'-biphenylen, phenanthren-2,7-diyl, 
9,10-dihydrophenanthren-2,7-diyl, carbazol-2,7-diyl, which can be substituted on the nitrogen by an alkyl group, 
preferably having from 1 to 22 carbon atoms or an arylgroup, preferably having from 2 to 10 carbon atoms, diben- 
zofuran-2,7-diyl, or dibenzothiophen-2,7-diyl, in all of which H-atoms on the aromatic rings can be substituted by 
linear or branched hydrocarbon groups having t to 22 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, 
t-butyl, pentyl, hexyl, heptyl, octyl, lauryl and octadecyl, and electron donating groups like linear or branched aikoxy 
groups having 1 to 22 carbon atoms, such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy, pentyloxy, 
hexyloxy, heptyloxy, octyloxy, lauryloxy, octadecyloxy or halogen atoms or electron withdrawing groups like cyano, 
nitro or ester groups, 

[0020] Especially preferred starting materials are such in which aromatic group A includes 1 ,4-phenylene, 2,6-naph- 
thalenediyl, 1 ,4-naphthalenediyl, 1 ,4-anthracenediyl, 2,6-anthracenediyl, 9,10-anthracenediyl, 2,5-thienylene, 
2,5-furandiyl, 2,5-pyrroldiyl, 1 ,3,4-oxadiazol-2,5-diyl, 1 ,3,4-thiadiazol-2,5-diyl, 2,5-benzo[c]furandiyl, 2,5-benzo[c]pyr- 
roldiyl, 2,5-benzo[c]thienylene, thieno[3,2-b]thiophene-2,5-diyl or pyrrolo[3,2-b]pyrrol-2,5-diyl in which H-atoms on the 
aromatic rings can be substituted by linear or branched hydrocarbon groups having 1 to 22 carbon atoms such as 
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, heptyl, octyl, lauryl and octadecyl, and electron donating 
groups like linear or branched aikoxy groups having 1 to 22 carbon atoms, such as methoxy, ethoxy, propoxy, isopro- 
poxy, butoxy, t-butoxy pentyloxy hexyloxy, heptyloxy, octyloxy, lauryloxy, octadecyloxy or halogen atoms or electron 
withdrawing groups like cyano, nitro or ester groups. 

[0021] Particularly preferred starting materials are such in which aromatic group A includes p-phenylene, 4,4'-biphe- 
nylene, mono C-|. 22 -alkyl-p-phenylene, mono-C-,. 22 -alkoxy-p-phenylene, 2,5-di-C 1 . 22 -alkyl-p-pheny!ene, 2,5-di-C 1 _ 22 - 
alkoxy-p-phenylene, 2,5-thienylene, S-C-i.^-alkyl^^-thienylene, 2,5-di-C 1 . 22 -alkoxy-2,5-thienylene, more specifically 
p-phenylene, 4,4'-biphenylene, monomethyl-p-phenylene, monomethoxy-p-phenylene, 2,5-dimethyl-p-phenylene, 
2,5-dimethoxy-p-phenylene, monoethyl-p-phenylene, 2,5-diethoxy-p-phenylene, 2,5-diethyl-p-phenylene, monobutyl- 
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p-phenylene, 'monobutoxy-p-phenylene, 2,5-dibutoxy-p-phenylene, 2,5-diheptyl-p-phenylene, 2,5-diheptyloxy-p-phe- 
nylene, 2,5-dioctyl-p-phenylene, 2,5-dioctyloxy-p-phenylene, 2,5-dilauryl-p-phenylene, 2,5-dilauryloxy-p-phenylene, 
2,5-distearyl-p-phenylene, 2,5-distearyloxy-p-phenylene, 2,5-di-t-butoxy-p-phenylene 2,5-dicyano-p-phenylene, 2 
(2-ethyl-hexoxy)-5-methoxy-p-phenylene. More preferred are p-phenylene, 4,4'-biphenelene, 2,5-dimethyl-p-phe- 
nylene, 2,5-dimethoxy-p-phenylene, 2,5-diethoxy-p-phenylene, 2,5-dibutoxy-p-phenylene, 2,5-diheptyloxy-p-phe- 
nylene, 2,5-dilauryloxy-p-phenylene and p-phenylene, 4,4 , -biphenylene. 
[0022] The following compounds are examples of further preferred precursor monomers 
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[0023] The compounds of the formula (I) are known per se from the literature. The synthesis of these compounds is 
described, for example, in W. B. Liang et al., J. Polym. Sci., Polym. Chem. 28 (1990) 2867; I. Murase et al., Synth. 
15 Met. 17 (1987)639; R. M. Gregorius etal., Macromolecuies 25 (1992)6664; N. Tsuyoshi, EP-A-O044 381 , F. R. Denton 
111 et al., J. Polym. Sci., Polym. Chem. 30 (1992) 2233. 

[0024] It goes without saying that mixtures of different precursor monomers of the formula (I) can also be used, which 
leads to copolymers. 

[0025] The precursor monomer of the general formula (!) is reacted with a base to form the actual monomer of the 
20 polymerization (scheme 1 , steps 2 and 3). Scheme 1 

H - B solvent + M® Base© <± B^ en ® + H - Base + M® (1 ) 

25 



30 



35 



40 





With B© = B soh , ent B or Base© 




P H 



2 + L 9 (3) 



If pK A (solvent) is smaller than pK A (base), the equilibrium in step 1 lies to the right and the deprotonated solvent acts 
as the actual base. 

45 [0026] In general all kinds of metal bases and ammonium bases can be used also non-charged bases such as 
amines, like triethylamine or pyridine are also suitable. Classes of metal and ammonium bases are e.g., metal hydrides, 
like NaH, KH, metal hydroxides, such as NaOH, LiOH, KOH, metal alkoxides, such as NaOMe, NaOEt, KOtBu, metal 
amides, such as NaNH 2 , NaN(SiMe 3 ) 2 , lithiumdiisopropylamide (LDA), organometal compounds, like n-BuLi, Grignard 
reagents, and substituted ammonium hydroxides. 

50 In polar aprotic solvents it is especially advantageous to use metal hydrides as they show no nucleophilic properties. 
In polar protic solvents it is preferred to use bases with a pK A larger than the pK A of the solvent. In this case the solvent 
is deprotonated and the deprotonated solvent acts as the actual base. This introduces a base equalizing effect. As a 
consequence the M w of the polymer will be independent of the base used. The presence of the relatively weak base 
also reduces possible polymer degradation. 

55 [0027] Generally, the amount of base can vary between 100 and 0.1 equivalents with respect to the monomer pre- 
cursor. Preferably, 50 to 0.5 equivalents of base with respect to the monomer precursor are used. It is especially 
preferred to employ 10 to 1 equivalents of base per mol of monomer precursor. 
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An excess of base usually improves polymer yield and molecular weight, especially when the solubility of the monomer 
precursor is low^ In the case of polar aprotic solvents the excess of base is preferably limited to 10 equivalents per mol 
of monomer precursor in order to avoid excessive degradation of the polymer. 

[0028] The process of the invention is carried out in a solvent comprising at least one compound selected from the 
group consisting of 

a) amides of the general formula (II) 

R 5 -CO-NR 6 H (II) 

b) amines of the general formula (111) 

75 R 7 2 -N-R 8 (III) 

c) sulfones of the general formula (IV) 

20 R 8 -S0 2 -R 9 (IV) 

d) sulfoxides of the general formula (V) 

25 R 8 -SO-R 9 (V) 

e) a solvent from the group consisting of alcohols, polyalcohols, glycols and polyethers; 
wherein 
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R 5 , R 6 are the same or different and denote H, or a straight chain or branched alkyl group, or R 5 and R 6 together 

are -(CH 2 ) 2 -, -(CH 2 ) 3 - or -(CH 2 ) 4 - ; and 
R 7 has the meaning of R 5 or a phenyl group or a phenyl group substituted by halogen, methyl and methoxy 

groups, 

R 8 , R 9 are the same or different and have the meanings of R 7 , except H, or R 8 , R 9 together are -(CH 2 ) 2 -, -(CH 2 )3-, 
-(CH 2 ) 4 - or -CH 2 -CH = CH-CH 2 -. 

[0029] Particularly preferred examples of compounds from groups (a) to (e) include monomethyl formamide (MMF), 
imidazolidone, pyrrolidone, dimethylsulfoxide, sulfolane, sulfolene, 1 ,3-dimethylimidazolidine-2-one, triethanolamine, 
glycerine, and triethylenglykol. 

[0030] It is also possible to use solvent mixtures. It is preferred to use mixtures of solvents of groups (a) to (e) with 
weakly polar or non-polar aprotic solvents. For example mixtures of MMF and dichloromethane can be used. 
[0031] Mixtures of MMF and water are also preferred. 

[0032] The solvent used should be able to dissolve the precursor monomer, the actual monomer and the polymer. 
[0033] In an aprotic polar solvent the concentration of the initiating species depends on the base strength and the 
nucleophilic properties of the base used. It is preferable to have a base with low nucleophilic character in these cases. 
[0034] When carrying out the process of the invention care has to be taken to choose the precursor monomer, base 
and solvent in such a way that the salt formed in the reaction of the base with the precursor monomer and the precursor 
polymer which forms in the reaction are essentially soluble in the reaction medium. 

[0035] This can be easily achieved, e.g., by checking the solubility of the salt in the given solvent in a standard 
handbook on the physical properties of the chemical compounds, such as H. Stephen and T Stephen, "Solubilities of 
Inorganic and Organic Compounds", Pergamon Press (1963). 

[0036] The temperature of the reaction is chosen as a function of the solubility of the precursor monomer, the actual 
monomer and the polymer. The highest temperature used should be lower then the degradation temperature of the 
polymer, and the lowest temperature used should be higher than the temperature limit under which there is no formation 
of the actual monomer (e.g., the quinodimethane system). 

[0037] In general the reaction is carried out between -78°C and 200°C, preferably between -40°C and 120°C, and 
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especially preferably between -20°C and 30°C. 

[0038] Usually the reaction is completed within 24 hours, preferably within 8 hours, more preferably within 3 hours. 
[0039] In general the novel process is carried out in an inert atmosphere, e.g. under nitrogen or argon. 
[0040] The working up of the polymer formed in the reaction is conducted according to methods well known to anyone 
5 skilled in the art. For instance in the case of polymers that are insoluble in water the polymer can be precipitated by 
adding water. The crude product which is obtained in this way can be further purified , e.g. by reprecipitation, extraction 
or dialysis (see for instance B. Vollmert "Grundriss der Makromolekularen Chemie", Bd. II, E. Vollmert-Verlag (1988)). 
[0041] The product of the novel process is a polymer comprising recurring units of the general formula (VI), 

10 



(VI ) 



20 wherein 

A, R 1 , R 2 and P have the same meaning as in general formula (I). 

[0042] Preferably the precursor polymer of the general formula (VI) has a molecular mass M^, of more than 3-tO 5 , 
25 more preferably more than 7-10 5 , particularly preferred from 1-10 6 to 5-1 0 6 . 

[0043] The polymers prepared by the novel process can, e.g., be used as intermediates for producing conjugated 
polymers, such as PPV. 

[0044] Polymers of the general formula (VI) which contain a group that can undergo 1 ,2-elimination can be further 
reacted to yield fully or partly conjugated polymers, such as poly(p-phenylene vinylene). Suitable groups for elimination 

30 include sulfoxides, sulfones, esters and the like. 

[0045] Dependings on the leaving group present in the precursor polymer the elimination can be carried out e.g. by 
thermal treatment and/or under acidic or basic conditions, according to methods known from the literature (see for 
instance D. A. Halliday et al, Adv. Mater. 5 (1993) 40). The elimination can be carried out before and/or after processing 
depending on the solubility of the resulting conjugated polymer. For example, the elimination step of precursors of side 

35 group solubilized poly(p-phenylene vinylene) such as poly(2,5-dihexyloxy-p-phenylene vinylene), can be performed 
after processing, while poly(p-phenylene vinylene) has to be processed in the precursor state. The temperature range 
usually chosen for thermal elimination lies between 80 to 300°C and depends on the nature of the aromatic units, the 
substituents on the aromatic units, the nature of the eliminating groups and experimental conditions, e.g., quality of an 
applied vacuum, neutral, acidic or basic environment. 

40 [0046] By employing the polymers of the inventive process conjugated polymers with high molecular weights are 
obtainable. 

[0047] Preferred conjugated polymers that are obtained by the novel process are those having repeating units of the 
general formula (VII), 

[-A-CH=CH-] (VII) 

wherein 

50 a has the meaning given in formula (I). 

[0048] Preferably polymers of the general formula (VII) have a molecular weight of more than 3- 10 s , more preferred 
7-1 0 5 , particularly preferred 1 -10 6 to 5-10 6 . 

[0049] A further object of the invention is a process for producing conjugated polymers comprising 

55 

a) reacting a compound of the general formula (I) 
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R 1 -C-A-C-R 2 ( I ) 

I I 

H H 



wherein 



P is -SR 3 , -SO-R3, -S0 2 -R 3 , -COOR 3 -N0 2 , -CN, CF 3 or R 3 ; 

L is -CI, -Br, -I, -O-Tosylate, -O-Mesylate, -OTriftate, -(NR 3 3 ) e or -(SR 3 R 4 ) e ; 

R 1 , R 2 are the same or different and denote H, R 3 or P; 

R 3 , R 4 a straight chain or branched alkyl group with 1 to 20 carbon atoms, phenyl or benzyl, either of which can 
be substituted once or twice with -R 3 , -OR 1 , -N0 2 , -CN, Br, CI, F; or R 3 and R 4 together are -(CH 2 ) 4 or 
-(CH 2 ) 5 - and 

A denotes an aromatic system comprising from 4 to 20 carbon atoms, which can optinally be substituted; 

with a base in a solvent, wherein a polymer is formed which is essentially soluble in said solvent, and a salt is 
formed as a by-product, which is essentially soluble in said solvent, and that said solvent comprises a compound 
selected from the group consisting of 

a) amides of the general formula (II) 



b) amines of the general formula (III) 



c) sulfones of the general formula (IV) 



d) sulfoxides of the general formula (V) 



R 5 -CO-NR 6 H (II) 



R 7 2 -N-R 8 (III) 



R 8 -S0 2 -R 9 (IV) 



R 8 -SO-R 9 (V) 



e) a solvent from the group consisting of alcohols, polyalcohols, glycols and polyethers; 
wherein 

R 5 , R 6 are the same or different and denote H, a straight chain or branched alkyl group, or R 5 and R 6 together 

are -(CH 2 ) 2 -, -(CH 2 ) 3 -or -(CH 2 ) 4 -; 
R 7 has the meaning of R 5 or a phenyl group or a phenyl group substituted by halogen, methyl and/or methoxy 

groups and 

R 8 , R 9 are the same or different and denote R 7 except H, or R 8 and R 9 together are -(CH 2 ) 2 -, -(CH 2 ) 3 -, -(CH 2 ) 4 - 
or -CH 2 -CH = CH-CH 2 , 

whereupon a polymer is formed, which is essentially soluble in said solvent, and a salt is formed as a by-product, 
which is essentially soluble in said solvent, 
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b) optionally isolating said polymer, and 

" »- 

c) treating said polymer under conditions effecting elimination of H-P (P having the meaning given in formula (I)), 
thus forming a conjugated polymer. 

5 

[0050] Conjugated in the sense of the invention does not necessarily mean that the polymer is fully conjugated; 
however, substantial parts of the polymer have to be conjugated. 

[0051] Conjugated polymers prepared according to the invention can be used as electroluminescent layers and/or 
charge transport layers in electroluminescent devices (e.g., WO 90/13148 and EP-A-0 443 861). The polymers can 
10 also be used, after doping, for conductive polymer applications, e.g., antistatic surfaces and electromagnetic shielding. 
Further, the polymers are useful for high temperature applications, e.g., thermally stable coatings. 
[0052] The invention is illustrated but not limited by the examples which follow. 

Examples 

75 

A. Starting Materials 

[0053] a.a'-Dichloro-p-xylene, n-butanethiol and sodium tert.-butoxid were used as purchased from Janssen Chim- 
ica. 2,5-Bis(chloromethyl)-p-xylene and Aliquat 336 were used as purchased from Aldrich. Tellurdioxide and hydrogen 
20 peroxide (35% in water) were used as purchased from Merck. N-Methylformamide (MMF) were dried and purified as 
described in the literature. All other solvents were of p. a. quality. 

B. Monomer Synthesis 

25 Example 1: a-Chloro-a'-n-butylsulfinyl-p-xylene 

[0054] A mixture of 99.7 g (0.57 mol) a,a'-dichloro-p-xylene in 1000 ml toluene, 60 g NaOH (1 .5 mol) in 1000 ml H 2 0 
and 2.5 g of a phase transfer catalyst Aliquat 336 was stirred vigorously at ambient temperature. To this mixture a 
solution of 30.5 ml butanethiol (0.285 mol) in 300 ml toluene was added dropwise over a period of 24 hours. The mixture 
30 was stirred for another 2 hours. The organic layer was separated, washed with water, dried over MgS0 4 , filtered and 
evaporated on a rotary evaporator to give white-yellow crystals. The crystals (mixture of ct,a'-dichloro-p-xylene and a- 
chloro-a'-n-butylsulfide-p-xylene) were dried under vacuum to constant weight. This crude material was used without 
further purification in the following oxidation step. 

4.614 g of a catalyst Te0 2 (2.891 -lO* 2 mol) was added to a solution of the crude material in 1200 ml of MeOH. Under 
35 nitrogen protection and vigorously stirring 64.66 ml (0.5702 mol) of a hydrogen peroxide solution (35 wt% solution in 
water) was added dropwise. The reaction was stirred vigorously at room temperature until a slight over oxidation was 
visible by thin layer chromotography. The reaction was quenched by adding 800 ml of a saturated NaCl solution. The 
water layer was extracted one time with 600 ml CHCI 3 and 2 times with 400 ml CHCI 3 . The combined CHCI 3 layers 
were dried over MgS0 4 , filtered and evaporated on a rotary evaporated to give white crystals (mixture of a,a'-dichloro- 
*o p-xylene and a-chloro-a'-n-butylsulfinyl-p-xylene). The two products were separated by column chromatography (silica 
/ CHCI 3 ). a,a'-Dichloro-p-xylene can be used again after recrystallization from toluene. a-Chloro-a'-n-butylsulfinyl-p- 
xylene was recrystallized from a mixture of hexane/CH 2 CI 2 , washed with ice cold diethylether and dried under vacuum. 
Yield: 53.7 g (77 %) of white crystals were obtained; m.p. 112-113°C. 

45 Example 2: a-Chloro-a'-n-butylsulfinyl-2,5-dimethyl-p-xylene 

[0055] A mixture of 20.0 g 2,5-bis(chloromethyi)-p-xylene (0.0985 mol) in 300 ml toluene, 10 g NaOH (0.25 mol) in 
250 ml H 2 0 and 0.5 g of a phase transfer catalyst Aliquat 336 was stirred vigorously at ambient temperature. To this 
mixture a solution of 5.32 ml butanethiol (0.0497 mol) in 65 ml toluene was added dropwise over a period of 24 hours. 
50 The mixture was stirred for another 2 hours. The organic layer was separated, washed with water, dried over MgS0 4 , 
filtered and evaporated on a rotary evaporator to give white-yellow oil. This crude material (mixture of 2,5-bis(chlo- 
romethyl)-p-xylene and a-chloro-a'-n-butylsulfide-2,5-dimethyl-p-xylene) was used without further purification in the 
following oxidation step. 

[0056] 0.78 g of a catalyst Te0 2 (4.93 • 10 -3 mol) was added to a solution of the crude material in 200 ml of MeOH. 
55 Under vigorous stirring 9.57 ml (0.1113 mol) of a hydrogen peroxide solution (35 wt% solution in water) was added 
dropwise. The reaction was stirred vigorously at room temperature until a slight over oxidation was visible by thin layer 
chromotography. The reaction was quenched by adding 150 ml of a saturated NaCl solution. The water layer was 
extracted one time with 200 ml CHCl 3 and 2 times with 80 ml CHCI 3 . The combined CHCI 3 layers were dried over 
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MgS0 4 , filtered and evaporated on a rotary evaporated to give white crystals (mixture of 2,5-bis(chloromethyl)-p-xylene 
and a-chloro-a'rn-butylsulfinyl-2,5-dimethyl-p-xylene). The two products were separated by column chromatography 
(silica / CHCI 3 ). 2,5-bis(chloromethyl)-p-xylene can be used again after recrystallization from toluene. a-Chloro-a'-n- 
butylsulfinyl-2,5-dimethyl-p-xylene was recrystallized from a mixture of hexane/CH 2 CI 2 (200 ml / 20 ml), washed with 
ice cold diethylether and dried under vacuum. Yield: 6.0 g (44.5 %) of white crystals were obtained; m.p. 111.5-11 2.5°C. 



Example 3a: 4,4-Bis(hydroxymethyl)biphenyl 



[0057] In a 1000 ml three-necked flask, fitted with an efficient condensor, a thermometer and a dropping funnel, is 
10 placed a suspension of 6,2 g (0. 1 44 mol) LiAIH 4 in 80 ml dry THF under an inert atmosphere. A solution of 30 g (0. 1 22 
mol) dimethyl 4,4'-biphenyldicarboxylate in 250 ml dry THF is added dropwise over a period of 30 minutes. The mixture 
is refluxed with stirring for 1 hour. The mixture is cooled to -20°C and 80 ml of H 2 0 is added dropwise, followed by 
slow addition of 80 ml of 20 % H 2 S0 4 (aq.). The THF Is evaporated under reduced pressure to give a suspension of 
colourless product in aqueous acid. The product is filtered and washed with H 2 0. After recrystallisation from aceton, 
75 white crystals are obtained. Yield: 93 %; melting point: 187.3°C-188.5°C. 



Example 3b: 4,4'-Bis(chloromethyl)biphenyl 



[0058] In a 50 ml flask fitted with a condensor is placed 1 g (0.005 mol) of 4,4'-bis(hydroxymethyl)biphenyl and 2 g 
20 (0.01 5 mol) ZnCI 2 . 1 7 ml concentrated HCI is added while the reaction mixture is stirred. The reaction mixture is refluxed 
for 4 hours and then poured into 200 ml H 2 0. The brownish product refluxed is filtered, dissolved in CHCI 3 and washed 
with water. The organic layer is dried (MgS0 4 ) and evaporated under reduced pressure. The product is purified by 
column chromatography (10 g silica/product; solvent: hexane/CHCI 3 (50/50)) and recrystallised from hexane to give 
colourless crystals. Yield: 83%; melting point: 140.2°C-141 .4 6 C. 

25 

Example 3c: 4-Chloromethyl-4 , -(n-butylsulphinylmethyl)biphenyl 



[0059] 15 g (0.06 mol) 4,4'-bis(chloromethyl)biphenyl is dissolved in 105 ml toluene. 6.3 g (0.157 mol) NaOH dis- 
solved in 250 ml H 2 0 is added together with 0.26 g of a phase transfer catalyst, Aliquat 336. To this solution a mixture 

30 of 3.2 ml (0.029 mol) n-butylmercaptane dissolved in 32 ml dry THF is added dropwise overnight. The mixture is then 
stirred for another 60 minutes. The organic layer is separated, washed with water, dried over MgS0 4 , filtered and 
evaporated on a rotary evaporator to give white crystals. The crystals are recrystallised from hexane to give colourless 
4,4'-bis(chloromethyl)biphenyl. The filtrate is evaporated on a rotary evaporator and gave an oil which consisted of 
4-chloromethyl-4'-(n-butylthiomethyl)biphenyl and some residual educt. 

35 [0060] 0.49 g (0,003) Te0 2 is added to a solution of the crude material in 180 ml MeOH. Under vigorous stirring, 7 
ml (0.062 mol) of a hydrogen peroxide solution (35 wt% in water) is added dropwise. The mixture is stirred at room 
temperature until a slight oxidation to the sulfon appears on TLC. The reaction is quenched by adding 150 ml of a 
saturated NaCI solution. The water layer is extracted with CHCI 3 . The combined organic layers are dried over MgS0 4 , 
filtered and evaporated on a rotary evaporator to give colorless crystals. The different products 4,4'-bis(chloromethyl) 

40 biphenyl, 4-chloromethyl-4'-(n-butylsulphinylmethyl)biphenyl and 4,4'-bis-(n-butylsulphinylmethyl)biphenyl, are sepa- 
rated by column chromatography (50 g silica/g product; solvent: CHCI 3 ) to give colourless crystals. Yield: 38 %; melting 
point: 172.8°C-173.7°C. 



Example 4: a,a'-bis(n-buty!sulphinyl)-p-xylene 
45 SM 

[0061] 5 g (0.029 mol) a.a'-dichloro-p-xylene, 6.6 ml (0.06 mol) n-butylmercaptane, 3 g (0.075 mol) NaOH, 50 ml 
water, 60 ml toluene and 100 mg methyltricaprylammonium chloride (Aliquat 336) are combined and stirred vigorously 
for 20 minutes at room temperature. The organic layer is separated, washed with water, dried over MgS0 4 and evap- 
orated on a rotary evaporator to give a,a'-bis(n-butylthio)-p-xylene, which is a colourless oil. 

so [0062] 0.12 g (0.73 mmol) Te0 2 is added to a solution of 1 g a,a'-bis(n-butylthio)-p-xylene in 7.2 ml MeOH. With 
stirring, a 6.5 ml (0.057 mol) hydrogen peroxide solution (35 wt% in H 2 0) is added dropwise. The reaction is stirred at 
room temperature for two hours. The reaction is stopped by adding the reaction mixture to a saturated NaCI solution. 
The water layer is extracted with CHCI 3 . The organic layer is dried over MgS0 4> filtered and evaporated on a rotary 
evaporator to give colourless crystals of a,a'-bis(n-butylsulphinyl)-p-xylene. The crystals are purified by a recrystalli- 

55 sation from toluene. Yield: 70'%; melting point: 187°C-188.5°C. 



o 
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Example 5: a,a'-bis(n -butylsulphinyO-a'-chloro-p-xylene 

[0063] To a solution of the bis-sulphoxide (0.5 g; 2 mmol) in CH 2 CI 2 at room temperature is added 0.1 g (0.75 mmol) 
N-chlorosuccinimide. After 6 hours the solution is washed with brine. The organic extract is dried over MgS0 4 and the 
solvent evaporated under reduced pressure. The crude product is purified by Si0 2 column chromatography (60 g silica/ 
g product; solvent CHCI 3 ) and recrystallisation from toluene. Yield: 74 %; melting point: 141 .5°C-142.8°C. 

C. Polymerization 

Example 6: Polymerization of a-chloro-a'-n-butylsuifinyl-p-xylene in N-methylformamide (MMF) at about 0°C 

[0064] 6 g a-chloro-a'-n-butylsulfinyl-p-xylene (0.0245 mol) were dissolved in 100 ml MMF and the solution was 
flushed with nitrogen under stirring for 0.5 hours. 2.354 g NaOtBu (0.0245 mol) were dissolved in 20 ml MMF and the 
solution was flushed with nitrogen for 0.5 hours. The monomer solution was cooled to 0°C and the base was added 
in one go. The polymerization was allowed to proceed at about 0°C for 1 hour (still under a constant stream of nitrogen). 
Then the reaction mixture was poured into 400 ml H 2 0 and neutralized with diluted HCI. The white precipitate was 
filtered off, washed thoroughly with water and dissolved in 1 00 ml CHCI 3 . The organic layer was separated from residual 
H 2 0 and concentrated on a rotary evaporator to about 50 ml. The polymer was precipitated in 800 ml diethylether / 
THF (1:1), filtered off, redissolved in 80 ml CHCI 3 and precipitated in 1200 m! heptane, filtered off again and dried 
under vacuum. Yield: 0.94 g; molecular weights according to GPC (polystyrene standards): 
M w = 1.3 ■ 10 6 ; M n = 6.1 • 10 s ; M w /M n = 2.1 

Example 7: Polymerization of a-chloro-ct'-n-butylsulfinyl-p-xylene in N-methylformamide (MMF) at room temperature 

[0065] 6 g cc-chloro-a'-n-butylsulfinyl-p-xylene (0.0245 mol) were dissolved in 100 ml dry MMF and the solution was 
flushed with dry nitrogen under stirring for 0.5 hour. 2.345 g NaOtBu (0.0245 mol) were added. The solution stayed 
clear. The polymerization was allowed to proceed at room temperature for 1 hour (still under a constant stream of 
nitrogen). Then the reaction mixture was poured into 600 ml H 2 0 and neutralized with a 0.1 M HCI solution. The white 
precipitate was filtered off, washed thoroughly with water and dissolved in 1 50 ml CHCI 3 . The organic layer concentrated 
on a rotary evaporator to about 50 ml. The polymer was precipitated in 600 ml diethylether, filtered off and dried under 
vacuum. Yield: 1.35 g; molecular weights according to GPC (polystyrene standards): 
M w = 4.4-10 5 ; M n = 1 6-10 5 ; M^M,, = 2.7 

Example 8: Polymerization of a-chloro-a'-n-butylsulfinyl-p-xylene in (MMF)/H 2 0 (95/5) 

[0066] 6 g a-chloro-a'-n-butylsulfinyl-p-xylene (0.0245 mol) were dissolved in 95 ml dry MMF and 5 ml H 2 0 and the 
solution was flushed with nitrogen under stirring for 0.5 hour. 2.345 g NaOtBu (0.0245 mol) were added. The solution 
stayed clear. The polymerization was allowed to proceed at room temperature for 1 hour (still under a constant stream 
of nitrogen). Then the reaction mixture was poured into 600 ml H 2 0 and neutralized with a 0.1 M HCI solution. The 
white precipitate was filtered off, washed thoroughly with water and dissolved in 150 ml CHCI 3 . The organic layer was 
concentrated on a rotary evaporator to about 50 ml. The polymer was precipitated in 600 ml diethylether, filtered off 
and dried under vacuum. Yield: 1.25 g; molecular weights according to GPC (polystyrene standards): 
M w = 3.6*1 0 5 ; M n = 1 .10-1 0 s ; M^/Mp = 3.2 

Example 9: Polymerization of a-chloro-a'-n-butylsulfinyl-p-xylene in (MMF)/H 2 0 (90/10) 

[0067] 6 g a-chloro-a'-n-butylsulfinyl-p-xylene (0.0245 mol) were dissolved in 90 ml dry MMF and 10 ml H s O and 
the solution was flushed with nitrogen under stirring for 0.5 hour. 2.345 g NaOtBu (0.0245 mol) were added. The solution 
stayed clear. The polymerization was allowed to proceed at room temperature for 1 hour (still under a constant stream 
of nitrogen). Then the reaction mixture was poured into 600 ml H 2 0 and neutralized with a 0.1 M HCI solution. The 
white precipitate was filtered off, washed thoroughly with water and dissolved in 150 ml CHCI 3 . The organic layer was 
concentrated on a rotary evaporator to about 50 ml. The polymer was precipitated in 600 ml diethylether, filtered off 
and dried under vacuum. Yield: 1.07 g; molecular weights according to GPC (polystyrene standards): 
M w = 5.3-10 5 ; M n = 1.7-10 5 ; MJM n = 3.2 

Example 10: Polymerization of a-chloro-a'-n-butylsulfinyl-p-xylene in (MMF)/CH 2 CI 2 (60/40) 



[0068] 6 g a-chloro-a'-n-butylsulfinyl-p-xylene (0.0245 mol) were dissolved in 60 ml dry MMF and 40 ml CH 2 CI 2 and 
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the solution was flushed with dry nitrogen under stirring tor 0.5 hour. 2.345 g NaOtBu (0.0245 mol) were added. The 
solution stayed .clear. The polymerization was allowed to proceed at room temperature for 1 hour (still under a constant 
stream of nitrogen). Then the reaction mixture was poured into 1000 ml CH 2 CI 2 , washed 3 times with 500 ml slightly 
acidic water (pH = 3 to 4) and three times with 1000 ml water. The organic layer was concentrated to about 50 ml. The 
5 white polymer was precipitated in 600 ml diethylether, filtered off and dried under vacuum. Yield: 0.77 g; molecular 
weights according to GPC (polystyrene standards): 
M w = 8.9-10 5 ; M n = 3.3-10 5 ; My/Mp = 2.7 

Example 11: Polymerization of a-chloro-a'-n-butylsulfinyl-p-xylene in (MMF)/CH 2 CI 2 (40/60) 

10 

[0069] 6 g a-chloro-a'-n-butylsulfinyl-p-xylene (0.0245 mol) were dissolved in 40 ml dry MMF and 60 ml CH 2 CI 2 and 
the solution was flushed with dry nitrogen under stirring for 0.5 hour. 2.345 g NaOtBu (0.0245 mol) were added. The 
solution stayed clear. The polymerization was allowed to proceed at room temperature for 1 hour (still under a constant 
stream of nitrogen). Then the reaction mixture was poured into 1000 ml CH 2 Cl 2 , washed 3 times with 500 ml slightly 
75 acidic water (pH = 3 to 4) and three times with 1000 ml water. The organic layer was concentrated to about 50 ml. The 
white polymer was precipitated in 600 ml diethylether, filtered off and dried under vacuum. Yield: 2.04 g; molecular 
weights according to GPC (polystyrene standards): 
M w = 7.6-10 5 ; M n = 2.2-105; M^M,, = 3.5 

20 Example 12: Polymerization of a-chloro-a'-n-butylsulfinyl-2,5-dimethyl-p-xylene in N-methylformamide (MMF) 

[0070] 3 g (0.0110 mol) of a-chloro-a'-n-butylsulfinyl-2,5-dimethyl-p-xylene were dissolved in 45 ml MMF and the 
solution was flushed with nitrogen under stirring for 0.5 hours. 1.06 g (0.0110 mol) NaOtBu were dissolved in 20 ml 
MMF and the solution was flushed with nitrogen for 0.5 hours. The monomer solution was stirred at room temperature 

2S and the base was added in one go. The polymerization was allowed to proceed at about 0°C for 1 .5 hours (still under 
a constant stream of nitrogen). Then the reaction mixture was poured into 200 ml H 2 0 and neutralized with diluted 
HCI. The white precipitate was filtered off, washed thoroughly with water and dissolved in 80 ml CHCI 3 . The organic 
layer was separated from residual H 2 0 and concentrated on a rotary evaporator to about 40 ml. The polymer was 
precipitated in diethylether / THF (350 ml : 50 ml), filtered off, redissolved in 20 ml CHCI 3 and precipitated in 200 ml 

30 cold ether, filtered off again and dried under vacuum. Yield: 0.56 g; molecular weights according to GPC (polystyrene 
standards): 

M w = 4.70 . 10 5 ; M n = 1.85 • 10 5 ; M^M,, = 2.5 



Example 13: Polymerisation of 4-chloromethyl-4'-(n-butylsulphinylmethyl)-biphenyl in a mixture of tetrahydrofuran 
35 (THF) and dimethyl sulphoxide (DMSO) 

[0071] 393 mg (1 mmol) of 4-chloromethyl-4'-(n-butylsulphinylmethyl)biphenyl are dissolved in a mixture of 6 ml 
DMSO and 4 ml THF. This solution is flushed dissvoled with dry nitrogen under vigorous stirring for 1 hour. 125 mg 
(1.3 eq.) Na+IBuO- is added. The solution becomes turbid because the polymer precipitates partly. The polymerisation 

40 is allowed to proceed at room temperature for 1 hour (still under a constant stream of nitrogen). Then the reaction 
mixture is poured into 100 ml H 2 0 and neutralized with a 0,1 M HCI solution. The suspension is extracted twice with 
50 ml chloroform. The organic layers are separated from the water layer, combined and concentrated on a rotary 
evaporator to 5 ml. The polymer is precipitated in 200 ml diethylether, filtered and dried under vacuum. Yield: 45 %; 
molecular weights and polydispersity according to GPC (polystyrene standards): Iv^ = 27.500; 

45 M n = 10.100; MJM n = 2.7 ^ 

Example 14: Polymerisation of a.a'-bis-n-bu^teu^^n^p-xylene in N-methylformamide (MMF) 

[0072] 349 mg (0.103 mol) of a,a'-bis-(n-butylsulphinyl)-p-xylene are dissolved in 10 ml dry MMF and the solution 
so js flushed with dry nitrogen under vigorous stirring' for 1 hour. 125 mg (1.3 equivalents) Na + tBuO" are added. The 
solution stays clear. The polymerisation is allowed to proceed at room temperature for 1 hour (still under a constant 
stream of nitrogen). Then the reaction mixture is poured into 100 ml H 2 0 and neutralized with a 0.1M HCI solution. 
The suspension is extracted twice with 50 ml chloroform. The organic layers are separated from the water layer, com- 
bined and concentrated on a rotary evaporator to 5 ml. The polymer is precipitated in 200 ml diethylether, filtered and 
55 dried under vacuum. Yield: 40 %; molecular weights and polydispersity according to GPC (polystyrene standards): Iv^ 
= 3800; M n = 3000; M w /M n = 1 .25 
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D. Polymer Conversion 

Example 15: Conversion to poly(p-phenylene vinylene), PPV 

[0073] A PPV precursor polymer obtained as described in Example 3 was spin-coated from chloroform solution to 
give a homogeneous, colorless and transparent film. The chloroform solution was easily filterable through a ujn-filter. 
The film showed no yellowing when stored several weeks at normal atmosphere and room temperature. The precursor 
film was converted by thermal treatment (280°C/4h/10- 3 mbar) to a homogeneous, yellow and transparent PPV film, 
which was highly fluorescent (yellow-green). The infrared spectrum of the PPV film was in accordance with those 
known from literature (e.g., D. D. C. Bradley, J. Phys., Appl. Phys. 20 (1987) 1389). 

Example 16: Conversion to poly(2,5-dimethyl-p-phenylene vinylene), DMe-PPV 

[0074] A DMe-PPV precursor polymer obtained as described in Example 9 was spin-coated from chloroform solution 
to give a homogeneous, colorless and transparent film. The chloroform solution was easily filterable through a ujti- 
filter. The film showed no yellowing when stored several weeks at normal atmosphere and room temperature. The 
precursor film was converted by thermal treatment (280°C/4h/10* 3 mbar) to a homogeneous, yellow and transparent 
DMe-PPV film, which was highly fluorescent (yeilow-green). The infrared spectrum of the DMe-PPV film was in ac- 
cordance with those known from literature (e.g., D. A. Halliday, Dissertation Thesis, University of Cambridge (1992)). 

Example 17: Electroluminescent device with poly(p-phenylene vinylene), PPV, as luminescent layer 

[0075] A PPV precursor polymer obtained as described in Example 3 was spin-coated from chloroform solution (20 
mg/ml, filtered through a u/n filter) on an ITO covered glass substrate to give a homogeneous, colorless and transparent 
film. The precursor film was converted by thermal treatment (280°C/4h/1 0 _3 mbar) to a homogeneous, yellow and trans- 
parent PPV film. An aluminum electrode (area 2x2 mm, thickness 100 nm) was deposited on top of the PPV film by 
high vacuum vapor deposition. The electrodes were connected to a current source with the ITO being poled positively 
and the aluminum been poled negatively. A bright yellow green fluorescence was observed. The electroluminescence 
spectrum showed nearly the same features as the photoluminesence spectrum. 

Example 18: Electroluminescent device with poly(2,5-dimethyl-p-phenylene vinylene), DMe-PPV, as luminescent layer 

[0076] A DMe-PPV precursor polymer obtained as described in Example 9 was spin-coated from chloroform solution 
(5 mg/ml, filtered through a ujti filter) on an ITO covered glass substrate to give a homogeneous, colorless and trans- 
parent film. The precursor film was converted by thermal treatment (280°C/4h/1 0 _3 mbar) to a homogeneous, yellow 
and transparent PPV film of about nm in thickness. A calcium electrode (area 2x2 mm, thickness 250 nm) was 
deposited on top of the PPV film by high vacuum vapor deposition. The electrodes were connected to a current source 
with the ITO being poled positively and the aluminum been poled negatively. A bright yellow green fluorescence was 
observed at an applied voltage of 15 V 



Claims 

1. A process for producing precursor polymers useful in the production of a.co-unsaturated conjugated compounds, 
which comprises reacting a precursor monomer of the formula (I), 



( i ) 



wherein 

P denotes -SR 3 , -SO-R 3 , -S0 2 -R 3 , -COOR 3 , -N0 2 . -CN. -CF 3 or R 3 ; 



r'-c-a-c-r 2 



H 



H 
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L * denotes -CI, -Br, -l.'-O-tosylate, -O-mesylate, -O-triflate, -(NR 3 3 )® or -(SR 3 R 4 )®; 

R\ R 2 are the same or different and denote H, R 3 or P; 

R 3 , R 4 are independently, a straight chain or branched alkyl group with 1 to 20 carbon atoms, phenyl or benzyl, 
either of which can be substituted once or twice with -R 3 , -OR 1 , -N0 2 , -CN, Br, CI, F; or R 3 and R 4 
together are -(CH 2 ) 4 or -(CH 2 ) 5 - and 

A an aromatic system comprising from 4 to 20 carbon atoms, which can optionally be substituted, 

with a base in a solvent, wherein a polymer is formed which is essentially soluble in said solvent, and a salt is 
formed as a by-product, which is essentially soluble in said solvent, and that said solvent comprises a compound 
selected from the group consisting of 

a) amides of the general formula (II) 

R 5 -CO-NR 6 H (II) 

b) amines of the general formula (III) 

R 7 2 -N-R 8 (III) 

c) sulfones of the general formula (IV) 

R 8 -S0 2 -R 9 (IV) 

d) sulfoxides of the general formula (V) 

R 8 -SOR 9 (V) 

e) a solvent from the group consisting of alcohols, polyalcohols, glycols and polyethers; 
wherein 

R 5 , R 6 are the same or different and denote H, a straight chain or branched alkyl group, or R 5 and R 6 together 

are -(CH 2 ) 2 -, -(CH 2 ) 3 - or -(CH 2 ) 4 -; 
R 7 has the meaning of R 5 or a phenyl group which is unsubstituted or substituted by halogen, methyl and 

methoxy groups and 

R 8 , R 9 are the same or different and denote R 7 , except H, or R 8 and R 9 together are-(CH 2 ) 2 -, -(CH 2 ) 3 -, -(CH 2 ) 4 - 
or -CH 2 -CH=CH-CH 2 -. 

A process as claimed in claim 1 , being characterized in that the solvent comprises a compound of the formula (II), 

R 5 -CO-NHR 6 (II) 

wherein 

R 5 , R 6 have the same meaning as in formula (II) in claim 1 . 
A process for producing conjugated polymers which comprises 
a) reacting a compound of the general formula (I) 
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R 1 -C-A-C-R 2 ( I ) 

I I 
H H 

10 wherein 

P denotes -SR 3 , -SO-R 3 -S0 2 -R 3 , -COOR 3 , -N0 2 , -CN, -CF 3 or R 3 ; 

L denotes -CI, -Br, -I, -O-tosylate, -O-mesylate, -O-triflate, -(NR 3 3 ) e or -(SR 3 R 4 ) e ; 

R 1 , R 2 are the same or different and denote H, R 3 or P; 
15 r3 > r4 are independently, a straight chain or branched alkyl group with 1 to 20 carbon atoms, phenyl or 

benzyl, either of which can be substituted once or twice with -R 3 , -OR 1 , -N0 2 , -CN, Br, CI, F; or R 3 
and R 4 together are -(CH 2 ) 4 or -(CH 2 ) 5 - and 

A denotes an aromatic system comprising from 4 to 20 carbon atoms, which can optionally be substi- 

tuted, 

20 

with a base in a solvent, wherein a polymer is formed which is essentially soluble in said solvent, and a salt 
is formed as a by-product, which is essentially soluble in said solvent, and that said solvent comprises a 
compound selected from the group consisting of 

25 a) amides of the general formula (II) 

R 5 -CO-NR 6 H (II) 

30 b) amines of the general formula (III) 



55 c) sulfones of the general formula (IV) 



40 



45 



50 



55 



d) sulfoxides of the general formula (V) 



R 7 2 -N-R 8 (III) 



R 8 -S0 2 -R 9 (IV) 



R 8 -SO-R 9 (V) 



e) a solvent from the group consisting of alcohols, polyalcohols, glycols and poly ethers; 
wherein 

R 5 , R 6 are the same or different and denote H, a straight chain or branched alkyl group, or R 5 and R 6 

together are -(CH 2 ) 2 -, -(CH 2 ) 3 - or -(CH 2 ) 4 -; 
R 7 has the meaning of R 5 or a phenyl group which is unsubstituted or substituted by halogen, methyl 

and methoxy groups and 

R 8 , R 9 are the same or different and denote R 7 , except H, or R 8 and R 9 togehter are--(CH 2 ) 2 -, -(CH 2 ) 3 -, - 
(CH 2 ) 4 - or -CH 2 -CH=CH-CH 2 -; 



whereupon a polymer is formed, which is essentially soluble in said solvent, and a salt is formed as a by- 
product, which is essentially soluble in said solvent, 



16 



EF 0 705 HS7 B i 

b) optionally isolating said polymer, and 

c) treating said polymer under conditions effecting elimination of H-P (P having the meaning given in formula 
(I)), thus forming a conjugated polymer. 

5 

Patentan sprue he 

1. Verfahren zur Herstellung von Polymervorlaufern, die sich zur Produktion von a,co-ungesattigten, konjugierten 
10 Verbindungen eignen, wobei ein Monomervorlaufer der Formel (I) 
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20 



50 



55 



P L 

I I 

Rj — C — A — C — (I) 

I I 
H H 



in der 

P -SR 3 , -SO-R 3 -S0 2 -R3, -COOR 3 , -N0 2 , -CN, -CF 3 oder R 3 und 

25 L -CI, -Br, -I, -O-Tosylat, -O-Mesylat, -O-triflat, -(NR 3 3 ) e oder -(SR 3 R 4 ) e ist; 

R 1 und R 2 die gleiche oder eine unterschiedliche Bedeutung haben und H, R 3 oder P sind; 

R 3 und R 4 unabhangig voneinander eine geradkettige oder verzweigte Alkylgruppe mit 1 - 20 Kohlenstoffato- 
30 men, Phenyl Oder Benzyl sind, von denen jede einmal oder zweimal mit -R 3 -OR 1 , -N0 2 , -CN, Br, 

CI, F substituiert sein kann, oder in der R 3 und R 4 zusammen -(CH 2 ) 4 oder -(CH 2 ) 5 sind, und in der 

A ein aromatisches System mit 4 - 20 Kohlenstoffatomen ist, das wahlweise substituiert sein kann; 

35 mit einer Base in einem Losungsmittel zur Reaktion gebracht wird, wobei ein in dem genannten Losungsmittel 

weitgehend losliches Polymer und als Nebenprodukt ein Salz entsteht, das in dem genannten Losungsmittel eben- 
falls weitgehend loslich ist, und wobei das genannte Losungsmittel eine Verbindung ist, die aus einer Gruppe 
gewahlt wird, welche aus 

40 a) Amiden der allgemeinen Formel (II) 

R 5 -CO-NR 6 H (II), 

45 b) Aminen der allgemeinen Formel (III) 



c) Sulfonen der allgemeinen Formel (IV) 



d) Sulfoxiden der allgemeinen Formel (V) 



R 7 2 -N-R 8 (III), 



R 8 -S0 2 -R 9 (IV), 
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R 8 -SO-R 9 (V), 

e) einem Losungsmittel aus der Gruppe von Alkoholen, Polyalkoholen, Glycolen und Polyethern 
besteht, wobei 

R 5 und R 6 die gleiche Oder eine unterschiedliche Bedeutung haben und H oder eine geradkettige oder ver- 
zweigte Alkylgruppe sind, oder R 5 und R 6 zusammen -(CH 2 ) 2 -, -(CH 2 ) 3 - oder -(CH 2 ) 4 - sind; 

R 7 die gleiche Bedeutung hat wie R 5 oder eine Phenylgruppe ist, die nicht substituiert oder mit Halogen-, 

Methyl- und Methoxygruppen substituiert ist und 

R 8 und R 9 die gleiche oder eine unterschiedliche Bedeutung haben und R 7 sind, auBer H, oder R 8 und R 9 
zusammen -(CH 2 ) 2 -, -(CH 2 ) 3 -,-(CH 2 ) 4 -oder -CH 2 -CH=CH-CH 2 - sind. 

Verfahren gemaB Anspruch 1 , das dadurch gekennzeichnet ist, daG das Losungsmittel eine Verbindung der Formel 
II umfaBt 

R 5 -CO-NHR 6 (II), 

wobei 

R 5 und R 6 die gleiche Bedeutung haben wie in Formel (II) gemaG Anspruch 1 . 
Verfahren zur Herstellung konjugierter Polymere, wobei 
a) eine Verbindung mit der allgemeinen Formel (I) 



P L 

I I 
Rl— C— A — C — R2 (I) 

I I 
H H 



in der 

P -SR 3 , -SO-R 3 , -S0 2 -R 3 , -COOR 3 -N0 2 , -CN, -CF 3 oder R 3 und 

L -CI, -Br, -I, -O-Tosylat, -O-Mesylat, -O-triflat, -(NR 3 3 )® oder -(SR 3 R 4 )® ist; 

R 1 und R 2 die gleiche oder eine unterschiedliche Bedeutung haben und H, R 3 oder P sind; 

R 3 und R 4 unabhangig voneinander eine geradkettige oder verzweigte Alkylgruppe mit 1 - 20 Kohlenstoff- 
atomen, Phenyl oder Benzyl sind, von denen jede einmal oder zweimal mit -R 3 -OR 1 , -N0 2 , 
-CN, Br, CI, F substituiert sein kann, oder in der R 3 und R 4 zusammen -(CH 2 ) 4 oder -(CH 2 ) 5 sind, 
und in der 

A ein aromatisches System mit 4-20 Kohlenstoffatomen ist, das wahlweise substituiert sein kann; 

mit einer Base in einem Losungsmittel zur Reaktion gebracht wird, wobei ein in dem genannten Losungsmittel 
weitgehend Ibsliches Polymer und als Nebenprodukt ein Salz entsteht, das in dem genannten Losungsmittel 
ebenfalls weitgehend loslich ist, und wobei das genannte Losungsmittel eine Verbindung ist, die aus einer 
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Gruppe gewahlt wird, welche aus 

• a) Amiden der allgemeinen Forme! (11 ) 



b) Aminen der allgemeinen Formel (HI) 



c) Sulfonen der allgemeinen Formel (IV) 



d) Sulfoxiden der allgemeinen Formel (V) 



R 5 -CO-NR 6 H (II), 



R 7 2 -N-R 8 (III), 



R 8 -S0 2 -R 9 (IV), 



R 8 -SO-R 9 (V), 



e) einem Ldsungsmittel aus der Gruppe von Alkoholen, Polyalkoholen, Glycolen und Polyethern 
besteht, wobei 

R 5 und R 6 die gleiche oder eine unterschiedliche Bedeutung haben und H oder eine geradkettige Oder 
verzweigte Alkylgruppe sind, Oder R 5 und R 6 zusammen -(CH 2 ) 2 -, _ (CH 2 ) 3 - oder -(CH 2 ) 4 - sind; 

R 7 die gleiche Bedeutung hat wie R 5 oder eine Phenylgruppe ist, die nicht substituiert oder mit 

Halogen-, Methyl- und Methoxygruppen substituiert ist und 

R 8 und R 9 die gleiche oder eine unterschiedliche Bedeutung haben und R 7 sind, auGer H, oder R 8 und R 9 
zusammen -(CH 2 ) 2 -, -(CH 2 ) 3 -,-(CH 2 ) 4 -oder -CH 2 -CH=CH-CH 2 - sind, 

worauf ein Polymer entsteht, das in dem genannten Ldsungsmittel weitgehend loslich ist und als Nebenprodukt 
ein in dem genannten Ldsungsmittel ebenfalls weitgehend losliches Salz gebildet wird; 

b) das genannte Polymer wahlweise abgeschieden wird, und 

c) das genannte Polymer unter Bedingungen behandelt wird, durch die es zur Abspaltung von H-P (P mit der 
in Formel (I) angegebenen Bedeutung) kommt, so daft ein konjugiertes Polymer entsteht. 

Revendlcations 

1. Procede de production de polymeres precurseurs utiles dans la production de composes conjugues insatures en 
cc, co, qui consiste a faire reagir un monomere precurseur de formule (I) 

P L 

1 1 1 2 
R -C-A-C-R (I) 

I I 
H H 



dans laquelle 
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P " represehte -SR 3 , -SO-R 3 -S0 2 -R 3 , -COOR 3 N0 2 , -CN, -CF 3 ou R 3 ; 

L representee -CI, -Br, -I, -O-tosylate, -O-mesylate, -O-trifluromethanesulfonate, -(NR 3 3 ) e ou -(SR 3 R 4 ) e ; 

R 1 , R 2 - sont identiques ou differents et representent chacun H, R 3 ou P ; 

R 3 , R 4 sont chacun independamment un groupe alkyle a chaine droite ou ramifiee de 1 a 20 atomes de carbone, 
phenyle ou benzyle, chacun pouvant etre substitue une fois ou deux fois par -R 3 -OR 1 , -N0 2 , -CN, Br, 
CI, F ; ou bien R 3 et R 4 sont ensemble -(CH 2 ) 4 - ou -( CH 2)5" ; et 

A represente un systeme aromatique comprenant 4 a 20 atomes de carbone qui peut etre facultativement 

substitue ; 

avec une base dans un solvant, dans cette reaction etant forme un polymere qui est essentiellement soluble dans 
ledit solvant, et etant forme comme sous-produit un sel qui est essentiellement soluble dans ledit solvant, et ledit 
solvant comprenant un compose choisi dans la classe formee par 

a) les amides de formule generale (II) 

R 5 -CO-NR 6 H (II) 



b) les amines de formule generale (III) 



c) les sulfones de formule generale (IV) 



d) les sulfoxydes de formule generale (V) 



R 7 2 -N-R 8 (III) 



R 8 -S0 2 -R 9 (IV) 



R 8 -SO-R 9 (V) 



e) un solvant de la classe formee par les alcools, les polyalcools, les glycols et les polyethers ; 



ou 



R 5 , R 6 sont identiques ou differents et representent chacun H, un groupe alkyle a chaine droite ou ramifiee, ou 

bien R 5 et R 6 sont ensemble -(CH 2 ) 2 -, -(CH 2 ) 3 - ou -(CH 2 ) 4 - ; 
R 7 est defini comme pour R 5 ou est un groupe phenyle qui n'est pas substitue ou est substitue par un ou 

plusieurs atomes d'halogene, groupes methyle ou groupes methoxy, et 
R 8 , R 9 sont identiques ou differents et sont deftnis chacun comme pour R 7 , a Texception de H, ou bien R 8 et 

R9 sont ensemble -(CH 2 ) 2 -, -(CH 2 ) 3 -, -(CH 2 ) 4 - ou -CH 2 -CH=CH-CH 2 -. 

Procede tel que revendique dans la revendication 1, caracterise en ce que le solvant comprend un compose de 
formule (II), 

R 5 -CO-NHR 6 (II) 

dans laquelle 

R 5 , R 6 sont tels que definis pour la formule (II) dans la revendication 1 . 
Proceed de production de poiymeres conjugu6s, qui consiste a : 
a) faire reagir un compose de formule generale (I) 
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P L 

1 I I 2 
R -C-A-C-R 
I i 
H H 



(I) 



dans laquelle 

P represente -SR 3 , -SO-R 3 , -S0 2 -R 3 -COOR 3 , N0 2 , -CN, -CF 3 ou R 3 ; 

L represente -CI, -Br, -I, -O-tosylate, -O- mesylate, -O-trifluromethanesulfonate, -(NR 3 3 ) e ou - 

(SR 3 R 4 )®; 

R 1 , R 2 sont identiques ou differents et representent chacun H, R 3 ou P ; 

R 3 , R 4 sont chacun independamment un groupe alkyle a chaTne droite ou ramtfiee de 1 a 20 atomes de 
carbone, phenyle ou benzyle, chacun pouvant etre substitue une fois ou deux fois par -R 3 , -OR 1 , 
-N0 2 , -CN, Br, CI, F ; ou bien R 3 et R 4 sont ensemble -(CH 2 ) 4 - ou -(CH 2 ) 5 - ; et 

A represente un systeme aromatique comprenant 4 a 20 atomes de carbone qui peut etre facultati- 

vement substitue ; 



avec une base dans un solvant, dans cette reaction etant forme un polymere qui est essentiellement soluble 
dans ledit solvant, et etant forme comme sous-produit un sel qui est essentiellement soluble dans ledit solvant, 
et ledit solvant comprenant un compose choisi dans la classe formee par 



a) les amides de formule generale (II) 



b) les amines de formule generale (111) 



c) les sulfones de formule generale (IV) 



d) les sulfoxydes de formule generale (V) 



R 5 -CO-NR 6 H (II) 



R 7 2 -N-R 8 (III) 



R 8 -S0 2 -R 9 (IV) 



R 8 -SO-R 9 (V) 



e) un solvant de la classe formee par les alcools, les polyalcools, les glycols et les polyethers ; 

ou 

R 5 , R 6 sont identiques ou differents et representent chacun H, un groupe alkyle a chaTne droite ou ramifiee, 

ou bien R 5 et R 6 sont ensemble -(CH 2 ) 2 -, -(CH 2 ) 3 - ou -(CH 2 ) 4 -, 
R 7 est defini comme pour R s ou est un groupe phenyle qui n'est pas substitue ou est substitue par un 

ou plusieurs atomes d'halogene, groupes methyle ou groupes methoxy, et 
R 8 , R 9 sont identiques ou differents et sont definis chacun comme pour R 7 , a I'exception de H, ou bien R 8 

et R 9 sont ensemble -(CH 2 ) 2 -, -(CH 2 ) 3 -, -(CH 2 ) 4 - ou -CH 2 -CH=CH-CH 2 -, 

a la suite de quoi est forme un polymere qui est essentiellement soluble dans ledit solvant, et est forme comme 
sous-produit un sel qui est essentiellement soluble dans ledit solvant, 

b) facultativement, isoler ledit polymere, et 

c) traiter ledit polymere dans des conditions effectuant I'elimination de H-P (P ayant la signification donnee 
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pour 1 la formJIe "(I)), pour'former ainsi un polymere conjugue. 
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